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SUIMMARY

For a bomb to be aimable it must be stable. Early in the
development stage of new bombs, therefore, stability tests must be
carried out. Previous notesls2 have dealt with the theory of
stability and the motion of a bomb when recovering from disturbances,
demped simple harmonic motion having been shown to be a usual com-
ponent of the motion, This notc describes the technique developed
at the R.A.B. for studying the behaviour of bombs in disturbed flight
and thereby obtaining a quantitative assessment of their stebility.
The tests are carried out full scalec from low altitudes, and from the
characteristics of the darmped S.H.M. performed by the bomb, stability
factars are obtained. These factors are independent of the conditions
of test and size of the bomb and can therefore be used directly to
coupare the stability of different types of bomb.
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1 Introduction

For a bomb to fulfil its function it must be capable of being
aimed i.e. the forward throw of all bombs of the same type under given
conditions of release mist be reasonably constant. One of the most
is stabllity, the bomb must fly nose into wind, to ensure that all
bombs of that type present the same frontage to the resistance of the
air and therefore suffer the same drag. Also if disturbed from this
attitude by some external force the bomb must recover quickly. If a
bomb is unstable it oscillates or cartwheels and its drag will vary
so erratically that its performance will be unpredictable.

During the development of a new store it is necessary therefore
to test it for stability. A quantitative method of assessing the
stability of bombs was. developed at this establishment in 1942 and has
since been applied to a large variety of bombs, pyrotechnics etc. It
is the purpose. of this note to describe in detail the technique of
these tests including such theory as has not already been dealt with
in previous notes.

2 Derivation of the Stability Factors

Analysis of the motion of a bomb during the early stages of its
trajectory has shownl that the bomb recovers from a small disturbance
in pitch by means of a damped simple harmonic motion and from a
disturbance in yaw by a damped 3.H.M. superimposed on a subsidence,
Furthermore the values of the time period, T, and the damping factor, K,
of the oscillation have bcen obtained and their %hysicd significance
interpreted in terms of the drag and 1ift forces<é. In general a
bomb released from an aircraft will receive disturbances in both pitch
and yaw, the amplitudes in the two planes not necessarily being the
same, The resulting motion can be shownd to consist of a damped spin,
elliptical if form, which can however be resolved into damped S.H.M.
in the two plancs, the values of the damping factor and time period
for the two componentg being identical., A study of the oscillations
in one plane is therefore sufficicent in practicel observations
on stability.

Considering the motion of a bomb disturbed in pitch, the equation
of motion has been shownl to be of the form
=0 =4t oog (-2—%5'-"- +7)

integration of this giving:-

0 = 90 e-Kt cos (-2—7£h-+ a) svssennusnill)
T

where g = angular velocity in pitch

0 = angular displacement of the bomb

K = damping factor

T = time period

A=a c;onsta.ni:

Y = a constant

0o = initial amplitudc of the oscillation

& = phase displacement at zcro time

-3 -
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The values of the time perlod T, and damplng factor K in terms of the
stablllty der1Vat1ves are” glven by

iy

:._.,._.._...';.'.'.(z)
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and. .. :: ol .. '|.'~.\."' “‘% (Z"V’ + %)r 'l .' N . . 5 . f [N} .l'. 0 boo e (3)
B is the moment of inertia of the bomb about an axis through the
“centre of" gravity and perpendlcular to the 1ong1tud1nal ax1s._

U is the forward "e1001ty of the bonb along its longltudlnal aX1s.
LWE~MQ and My arg stabll;ty der;Vat;veswdeflned as follows,

Zar is the laterel asrodynamic force due to unit 1atefai'§élodiﬁy;'”
divided by the mass of the bomb,. this force belng consldered along
the direction of the lateral ve1001ty. SERS

Mﬁils ‘the- aefoanamic ‘couple about an axis perpendlcular to the
*ﬁlongiﬁudinal axis and pass1ng through the centreof grav1ty,caused
by unit Tatersl’ vé1031ty ‘along a1 axis perpendicular to the longi- '

tu&mnal axls and to the ax1s about'whlch the couple 1s measured.

il St G tef

MQ:1L the aerodynamlo couple about an axis perpendlcular to ‘the
longitudinal exis and: pass1ng through the centre of gravmty,caused
¥y wiit angular velocity of rotation of the bomb about the ax1s
bmut wﬂ"ch the cOuple is measured.

Tnc vaTue of these derivatives are dependeni 'on the’ ax1al veloclty
L, Thns velocity is, of course, not constant during the fall of the
bomo and- réither therefore are thc derlvat:.ves. , Strlctly speak:.ng ,
therefore there is no unique value for” T "and K, In pract1Ce the_“
mean values of T snd K arc obtained over the first few hundred feet
of fell and the velocity U is assumed constant and equal to the speed
‘off ¥he airoraft’ al'reicase. . 8 Ny

In crder to make dircct conparison betwecn bombs of different
typcs tested under differcgnt gonditions, it has been found convenient
to reduce the time period and Jdamping factor as given by equations (2)
and (5} to a non dimensional form independent of the scale of the
bomb, rclecase speed and air density. To do this. it is assumed that
for all bomb shapﬂs, the radius of gyration is a constant prOpOrtlon
of the length, i.e.

Pi e R Bskfﬁﬁf Tl e Cp— e
where m = mass of the bomb
£ = length of the bomb
kl = a constant

Substituting this value of B in equation (2) together with the value
of the couple My as given in Tech. Note Arm.8l, equation 72,

o Ll O .
s MW T g (D s gé‘),kz‘ gl

el
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we have

D and L are the total drag and 1if't forces on the bomb and %‘I;‘- the

lift gradient.

Now By
R Gkl CL
D+-5§—2$U (CD+-5-B—-)
A 2
B kjpSU
where k3 is a constant

p is the air density
S is the maximum cross sectional area of the bomb,

assuming that the Cl/ﬁ curve is a straight line, which it normally is for
bombs over small angles of incidence.

. k m&z

> e T=27c 1

k2k30 S&I;E

or

ur | Ps@ = oK% kl
(, X

= constant

The ratio E-;“z will be denoted by H - which is therefore in effect an

approximate measure of the relative dens:n.ty of the bomb to the air in
which it is moving,

We ha\(e therefore —IE— = Con.Stant ’ ' 0000000000(5)

o

To meke a similar transformation with equation 3, we find by
reference to equation 7 of Tech. Note Arm.81 that

ey OL).
Zyy o "D+.GB)-
: OL 2

and M = ‘58) kh-& k, is a constant.

Substltutn.ng these values in equation (3) and us:Lng the value of B as
given in equation (4) then,
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p.+3L k4€? (p + &

W Uk me?

D+ 9-1"- X
=t L g G
onds ky
As before
2
(o + &) U
o6
. k.pSU k
T K = _L—- l + —it)
2m kq
s ‘& ‘
or - :
M:constaﬁ:t '...:ﬂh.":-" ) = ;....00...-0(6)
U
z uT KU ) Hey o
The expressions —=— and —— are knowm as the stability factors
o U
of the bomb,

In the early days of this work (1942), T and K were quoted in
reports, together with the time required to halve the amplitude
of the oscillation, La‘ter allowance for scale was. :mtro&uced ‘and. the

factors becamé % x 102 and K¢, the speed of rclease being kept B *

constant at 180 mp.h. in all trials. Occasionally trials were carried
out ‘et ‘speeds other than 180 m.p.h. in which case a correotion was
applied. Finally, in Aprll l9l+1;., U was incorporated in the factors

’Whlch then became %T_ X lO a.nd -K-U& X 103, ~ the ;mill'tiplcs ‘of 10 being

introduced to reduce the factors to a convenient magnitude, The factors
in this form were in use up to lay 1946 and used thus in all rcports.

It has reccently been decided, howcvc,r, to introducc M, thercby making
the factars morc universal in their application by the introduc'tion of
mass and air density effccts. Under present conditions of trials -
viz: altitudes less than 1500 ft. -~ air density cffects will be duc

only to scasonal changus and. not to heighte Varlatlons in air dons:.‘ty
due to scasonal changes in temperature and pressurc can be shown to have
only a small cffeet on.the value of . The valugs of the new stablllty
factors have, thcrcforc been calculated for all sto*cs tested since. “the
incention of stability tr:z.als assuming the air demsity, P, to be constant
at a standard valuc of 442 x 1075 1b,/ins.’, 1 these results have
been classificd and published in a technical note
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% The Technique of Stability Trials

3,0 Introduction

Brlefly, a stability trial oonsists of the reclease of the bomb
under test from an aircraft flying at a knovm airspeed at a height of
between 300 and 1500 ft. depending on the size of the.store (see para.
3¢1). A pitching oscillation is imparted to the store at release
(para.3.2) and its subsequent flight is photograahed from the ground
by a high speed cine camera (para.3 3)e - The film thus obtained is
anslysed (para.l) by measuring the angle between the bomb axis and some
arbitrary datum and plotting thesc angles sgainst time as given by a
time base ‘on the film.  From the graph, velues for -the time period and
danping factor are calculated and converted 1nto the stability factors.

3.1  Layout of the Bom01ng,Range (Fig. 1)

{7§ ‘A diagrammatic sketch of the range layout during a stability
trial is shown an Fig.l. The site for the camera requires careful
congideration for the following reasons.

(1) . A clear view of the target arca and along the line of flight
of the bombing aircraft is required.

(ii) The line from camera to target should point in a northerly
direction so that the .sun is approximately behind the camera.

(iii) A clear image of the bomb is essential on the film, large
enough to define thc axis of the bomb with rcasonsble accuracy.

(iv) Errors duec to panning of the camera, i.e., the angularity effecet
due to the movement of the bomb relative to the camera, must be
minimised,

Requiremcnts (iii) and (iv) arc contradictory, the former implying
a.short distance between camera and store and the latter as gredt a
distance as possible to reduce the angular movement of the camcra.

_ Height.of relcase rejuircs to be low on both these counts, but must be
- suffioient to allow several oscillations to be completed by the bomb
before impact.

In practlce, two camera pos1tlons are in general usc, the choice
depend;ng on the size of the store viz:

(a) the dlstance D, (Fig.l) of the camera from the target is about
500 yds. for stores greater than about 30 inches in length, the hoight
of release in such cascs being usually 1000 ft, or slightly less. .
Occasionally a height of 1500 f£t. has been used in the. case of large
stores (1000 1b.) to cnsurc sufficicnt oscillation. for analysis.

(b)  the distance D is about 150 40-200 yds. for small stores such as
. pyrotechnics, incendiary bombs etc., the height of releasc then being
between 300 and 600 ft, ! \

It can be shown from-the geomctry of the layout that under these
conditions the effect-of distortion on the damping factor, du¢ to panning
is quite small; tiuie period mcasurcments are of' coursce not affected.

Radio communication betwoen aircraft and ground is ‘maintained

during the trial, to give the camera operator warning of the instant
of relecase.

T ik
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342 Methods of Osclllatlng the Bomb

3,21 Natural Dlsturbances

Theyegrliestﬁmethod of causing bombs to oscillate was a very
simple and convenient one merely using the natural disturbance given
to bombs released from the wing carriers of certain aircraft, The
Hampden alrcra;t, Wthh was the first to be used on this work, was

_ fournd to give an amplitude of oscillation of about 200 -, 30° to a store

released from its wing carriers at about 180 m.p.h. if the store were
crutched nosec up on the carrier. ' Typhoon and Tempest aircraft have
since been used occasionally in the same manner, but usually at higher
speeds, in particular when the bomb under test was intended for fighter-
bomber use. - This method has the disadvantage of restricting the nunber
of bombs to two per flight and this, together with the introduction to a
Lancaster for bombing trials, led to other methods being devised.

A convenient method of oscillating small stores is by releasing
them from lhe standard flare launching chutc, If launched tail first,
the store cnters the airstream at an angle of, approx1mate1y 700 to the
horizontal, or if launched nose first, the angle is about 1109, These
.are severc conditions of release and are normally only used for stores
which arce designed either for chute launching e.g. pyrotechnies, flares,
etc. or for rclease from clusters c.g. incendiary, fragmentation bombs
etc.

With very small s tores up to about 10 1b,, hand launching through
an apcrture in the floor of the aircraft may be used; 6 any required
initisl angle of disturbance may then be chosen. Thls'method has been
‘used with 4 1b. and 2 1b, incendiary bonbs.

3.22 Arming Wirc and Safety Clip Mothod

To impart a pitching oscillation to a bomb, a force must be
_applied to cither nose or tail... In order to keep this force reasonably
small, thercby preventing damage to the aircraft.and bomb it must be
made to act for a recasonable length of time, i.,e. over some distance
of fall of the bomb. A breaking cord, for.cxample, attached to the
aircraft and the bomb tail (or nosc) applies.an impulsive force which,
therefore, requires to be large. It was found that the safety clip
(Fahnestock) used in horizontal fuzing systems on bombs gave a rcasonably
constant frictional lcad when sliding along the phosphor~bronze arming
wirce This load could bec varied by using an appropriate number of clips
on the wire, To apply this force to the tail of a bomb a small hole
(about 1/8" dia,) was drilled in the top of the tail drum (i.e. in line
with the lug) or other suitablé position, ' Through. this hole was placed
a phosphor-bronze arming wire, loop cnd uppermost, Safety clips were
s1id onto the lower cnd of the wire and pushed hard up against the inside
of the tail drum. . The number of clips used depended , on the weight of the
bomb and was determined experimentally.  Approximately 10 to 12 clips were
required to give a 500 1b. bomb a disturbance of about 20%, When the
bomb was loaded into the aircraft the loop. of the arming wire was secured
to the aircraft structure immediately above by means of a strong cord.

As thc bonb commenced to fall, therefore,the tail drum slid down the
arming wire taking the clips with it; the rctardation of the tail due
to the force required to move the cllps dovm the wire,imparts a nose
dovmn pitch to the bomb,  Many failures occurred, however duc it is
believed to clips breaking and the scheme was found to be quite inade-
quate for usc with 1000 1lb, stores. It was, thereforec, abandoned in
favour of the folloW1ng scheme.

~ 8 -
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3,23 Clip and Wire Method (Fig.2)

Developed -in the first instance for use on 1000 1lb, stores,this
device is now used on all carrier-released stores. 1In principle it
is the same as the method described in the previous paragraph, but is
more robust and capable of épplying a greater force. Instead of
Fahnestock clips, a special clip is made cons:_stlng of two steel plates
1" x " x §" (4, Fig.2).  The two plates are bolted together to grip
the wire., Piano or high tensile steel wire of 10-1l4 S.W.G. is used
having a loop (B) formed at onc end, The clip is fixed on the wire as
near to the loop as possible in the first place. The bolts are then
adjusted until the load required to cause the clip to slide steadily
along the wire is some predetermined value, measured by means of a spring
balance, The wire is then cut to the required length from clip to free
end., :

Attachment to the bomb can be made in a similar manner to that
described in the previous paragraph i.e., through a hole inthe tail drum,
the tail drum being of course between the clip and the loop. In
practice, however, large loads may be experienced and the use of the
tail drum is to be avoided if possible to prevent distortion. Where
possible, therefore, an cycbolt (C) is threaded on the wire between loop
and clip, before the latter is adjusted. The eyebolt carrying the wire
can then be screwed into a previously prepared hole in the bomb
immediately before the trial. Pig. 2a shows such an arrangement on a
cluster bomb in a Lancaster bomb bay.

There are obviously two possible variables, the force required
to move the clip and the length of wire. ‘hen fixing these two
quantities the following practical points must be considered.

{a) The. fcrce mist not be so great as to demage the attachment points
on cither  the aircraft or the bonb.

"

(b) _Too great a force may causc binding between clip and wire,

(¢) The length of wirc should be kept to a minimum to prevent fouling
on control wires etc.

For a given bomb the amplitude of oscillation obtained is roughly
proportional to the force and to the square root of the distance over
which it acts. It has been found by cxperience that about four fect is
the maximum safe length and 100 1lb, the maximum safe force which can be
usecd. A force of 50 1b, acting over threce feet of wire is a typical
combination used on a 500 1b. bomb, whereas a 1000 1lb, bomb requires
about 100 1lb. over four feet.

This scheme has proved reliable if sufficient care is taken in
preparation and it is reasonably simple to make. It is not reliable,
however, from the point of view of consistency in operation, a nunber
of wires all nominally of the same length and loading when applicd to a
number of bombs of the same type may give widely different disturbances
to thesc bombs. This is generally of no great importance since, so long
as an oscillation is set up, analysis is usually possible and, if too
great a disturbance is given, the preliminary oscillations are neglected
(sec parashe3). In certain cascs, however, where stores tend to whirl
under conditions of severe disturbance it is of interest to know the
critical anglc beyond which whirling will occur (sec parsasli.52).

3,24 Hinged Ilaps

A method was devised but only uscd once s Whereby acrodynaiiic forces
wrere used to initiate an oscillation. A deflector plate was fitted

- G =
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behind the tail drum at an angle .of about 45° to the airflow through
the drum to provide a lift forde, Thc plate could be designed to give
disturbances in either pitch or yaw. The plate was so arranged that
aftcr about 12 feet of fall it becamc dctached from the bomb. -

In the casc of yawing 0501l1atlono, it was intended to photograph
the flight of thc bomb by a camera mounted in the bomb bay viewing
downwards, Stability cxpcrlmcnts could then bc carrlcd out at any -
altitude indcpendent of ground cameras:-and could be combined with

functioning and other trials. : '

The disadvantages of thcsd schcmcs,yworéz— o=

(a)  they were only appliciblc to conc and drum typc tails.

(b)  thc dimensions of the platec depended on those of the tail drum
and thcrcforu spccial plates had to be madc for cach typc of
~store. - . ; :

(o) .. *the blaté was cxpendablc.

(d) ‘slots and holcs were rcqulrcd in thc tall druxL gy

(¢) a long static 1inc has to be stowed and 1f p0351b10 retracted
to prcvcnt fouling on alrcraft strugture and other storcsL

For thesc rcasons the scheme was dbandoncd carly in lts expcrlmcntal
stagc.

B;és,}Brakca,wiﬁch

. A scheme has been designed, but as yct not tried, whercby it is
'hopcd ¢onsistent and predetermined 1n1t1al angles: of - dlsturbuncc can
be obtained, The scheme consists of a grooved drum on which is wound
scven fect, of cablce  The frec cnd of the cable.:is- to be attached to
some suitable point on the bomb and is pulled out as the bomb falls,
The. rotatlon of the drum is controlled through gcars by a.centrifugal -
brakc consisting of four weightcd brake shoes sliding on:radial
arms. The brakce shoes bear on the insidce of a fixcd brake drum and
the amount of. braking can bc adjusted by means of springs’ acting. on
the brake. shocs. 3.0 DT T

Thc cablc will . be rulcascd from tho bomb and rctractcd by mcans
of a clock spring:inside the ceble drum,  The.rcleasc of thé cable '
from the bomb.is designed to occur when the bonb has ‘rcachecd a ccrtaln
angle of pitch, e

8 + At the time of writing, the prototype winch is being manufacturcd
and . all laboratory tests and flight trials arc still to be donce ~ No’
comments can, be made thércfore on the cfflclcncy of the device, -

3 3 ”he Camera

Three types of camera have been usced for photographlng the fall
of the bomb, the Vinten high spced cine camera, the Newmen Sineloir
cine camera and the Strlp camera. The first two arc standard 35 mme
moving picture cameras whilc thc 1attur works on an untlruly dlfferent
principlc. : g :

3431 Thc Vintcen Camera A Tt Wik

This.is an cleetrically:driven high spced camera normally fitted
with a lons of 12 inches focal length when used under the conditions ™

200 e
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described in paras3.l. A tiie base on the fllm is proV1ded by means
of an induction coil supplying a spark gap inside the camera and con-
trolled by an electrically driven 50 cycle tuning fork. The spark is
recorded on the edge of the film, A camera speed of approximately
50 frames per sec. is the most convenient for stability work, though
the actual speed obtained in practice varies from about 30 to 70
frames per sec.

FPig.3 shows sample frames (not consecutive) taken from a Vinten
film, the first (Figs3a) illustrating the motion of a stable bomb
executing damped 31mplc harmonic motion and the second (Flg.jb)
unstable bomb cartwheeling,

3«32 The Newman Sinclair Camera

This is a clockwork driven camera capable of speeds up to 24
frames per sec., A lens of 12" focal length is again used, A time
base has been specially fitted to this type of camera for work such
as stebility trials requiring a knowledge of the frame speed.

This camera has bcen used in the past when Vinten cameras were
not elways availsble due to pressure of other work.

3.33 The Strip Cemera

As pointed out in para.3.l the usc of a cine camcra does involve
errors due¢ to rotation of the camera. To avoid these errors a strip
camera was obtained in 1942. This is a plate camera, taking a plate
224 inches long by 62 inches high and fitted with a 15 inch lens.
Briefly, the mechanism eonsists of an clectro-magneticelly operated
louvre shutter behind the lens, together with a slit moving in a mask
across the focal planc. The movement of this slit across the plate is
controllcd by the operator using a handWheul, while following the bomb
through a suitable sight, the arrangemgnt being such that the louvre
shutter onerates cach tlme the slit has moved its own width. The
camera thus produces a succession of vertical strip pictures on the plato,
the whole picture forming a panoramic view of the trajectory. To
eliminate blur, the lens is rotated one revolution in a circle of
circumfercnce 0.2 inch while the slit is moving its own width, The
shutter is phased to open just before the lens reaches the top of
its travel and closes just after passing this point, The plate
accommodates 101l picturcs cach 0,2 inch wide taken at a' maxirum speed
of gbout 12 strips per sccond, the exposurc time being 1/70 second. The
time interval between successive exposwres is given by means of a
chronograph consisting of a paper strip driven by a gfamoPhone motor,
Two magnetically operated pencils bear on the peper, one giving helf
sccond beats from a clock and the other rucordlng cach 0pun1ng of the
shutter,

The camcra had several disadvantages and certain lindtations and
it was cventuslly discarded. The main objection was that a height -
limitation of 500 fecthad to bec imposed at the bombing range then in
use, the maximum available distance between camera and target being
about 2,600 ft. A distance of 4,700 ft. would have beén required to
photograph a store recleased at 1000 feet and the image on the film would
then be too minute for analyvls.

A detailed descrnptlon-of the camera is given:in the speoifieation
No. ARL/R6/H2l prepared by the Admiralty Research Labératory.

R
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L Analysis of Results

L.1 1'Ihéory:of Damped Simple ‘Harmonic lotion

The équation of daiped S.H.l. is of the form
6 =6.e%t cos (253 + a>
o i S 5 T

the synbols® having been defined in para. 2. _Such a curve is illustrated
for comparison purposes in Fig,5a, its most 1mportant feature belng that
the ratio of successive maximum oscillations’is constant.

If we consider two successive max1ma Ql and - 92 occurring at times
t and t « 2/2 respectively, then

J 61- e cos (21(1: 5 “>
@ ..
and
K (t + =
92 6 2 i?‘(t+ T)+a}
Dividing, we get iy
R S i KT
el
02
‘ JE €
wres o Bology b= numerically
: P S
2 : 1, . . j
K==1o e | sevenssssscs 7
S R : ()

The method. of 6bta1n1ng the curve of an oscillating bomb ana the
application of the abowve Formula is ‘dealt with in the follow1ng
paragraph,

he?2 Film Reading

The film negative (of which Fig.3 shows selected prints) is put
through a step by step projector which throws the picture downwards on
to a white circular disc, pivoted at its centre and ruled across with a
grid of parallel lines., The disc is graduated in degrees around its
circumference, this scale being read against a pointer fixed to the table.
Prames are taken at regular intervals - usually every fourth or fifth if
the speed is about 50 frames per second, but depending of course on the
time period of the oscillation - and thc angle of the bomb image measured
by rotating the disc until the grid lines are parallel to the bomb axis.
The zero position of the disc is fixed but quite arbitrary. A graph

©“ is' then drawn, . the angloes being plotted as ordinates and the number of

frames as abscissa (see Fig.k)s . The £ilm speed is obtained in frames
per second by reference to the 50 cycle time base on the edge of the film,

Pig.4 is a typical curve obtained for a stable bomb; the method
used to analyse this curve is deglt.with in the following para., the

-12 -
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full analysis being given in the Figure. Variations of this type
of curve are described in para.l.4 and other types of .motion in
parselie5.

L3 Analysis of the Curve (Fig.l)

All oscillation curves obtained for bombs in stability trials
differ from normsl damped S.H.M. curves (cf. Fig,5a) in so far as they
are not symmctrical about the time axis due to curvature of the
trajectory about which the bomb is oscillating, It is possible to
meke an allowance for this by replotting the curve as follows. The
cnvelopes to the curve are drawvm, AL and A'L', both upper and lower
portions of which should be smooth curves touching each peak, The
centre line betwecn the two envelopes is then drawn by taking the mid
points a, b, c etc. of ordinates drawn betwecn thc two envelopes. This
centre line should also be a smooth curve. The oscillation curve is
then replotted as shown in Fig.5b by converting the centre line, al,
into the horizontal time axis, ck, of Fig,5b. Thc ordinates of points
on the original curve are measured from the centre line, al,(Figed)
and replotted as ordinates from the axis, ck, in Fig.5b. It has
been found in practice that replotting does not greatly affect the
results (T is of course unaffected) and during the war was not con-
sidered worth the extra work involved.

To analysc the original curve dircct, thereforc, the envelopes
are drawn as described above but the centre line is not necessary.
Ordinates AA', BB seessesses LL' are droppcd from each peak to the
opposite envelope. By a convention arrived at through experience,
all such ordinates whose overall length rcpresents an angle greater
than 709 (e.g. AA' and BB') or less than 10° (e.ge IL!) arc neglected.

The time period, T , is obtaincd from

T MN framcsg & B
3¢5x (film spced)
Theorctically (para.l;..l) the ratios Q—C—l, P-].).:- sevsteonoss -J--—q-:-
. Dp' - EEt -

should be equal and at equal time intervals, T/2. In practice,
however, they vary and to obtain K cach ratio is substituted in
< :
cquation (7) for El together with the sppropriate time interval,
Jh ke 2 ' g
Thus the first value for K is.obtained from

K = 2 log 364
T DD?

where < is the time from C to D'.""

In this way seven values of K are obtained, To maintain equal
weighting of the values of 0 wused, a further value of K is obtained
by taking the ratio CC'/KK' and the appropriatc value of T viz:
the time from C to X',

The analysis is shown in tabulated ferm-on Fig.lL.
A mean of eight values then givés K.

The replotted curve, Fig,5b, is analysed in thc samc way except
that ocnvelopes are umnccessary, the ratios used being Ce/D'd, D'd/Ee

il e
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.oooooo; :j/K'k.

The values of T and K thus obtained are converted into the
stability factors UT/¢Vu and Kué/U by a knowledge of the indicated
airspeed of the aircraft at releasc, the air density, p, and the dimen-
sions of the storc (mass, m, length, £, diameter, d). Usually about
four or six bombs of any one type are tcsted the mean values of the
stability factors and the probable error of an individual result being
quoted. The probable error is given by

R-

n —

P.E. = 0. 674

where =~ n is the nunber of rcsults
: xn.'an.individual value of a stability factor
X the mean value.

Owing to the small nunber of results obtained in the past on any
.one .type, the probablc crror has no great significance beyond giving a
guide to the éxtent of the scatter of the results.

Lol Irrcguler Curves (Fig.6)

i} It is froquently found that smooth envelopes cannot be drawn to
touch all the peaks of a curve. This may be duc to onc or morec of
secveral cffecets, vizi-

b obliquity of the camera

c) Yborderlinec stability 3

(d) acrodynamic forces causcd by air pockets, variations in air
density ctec. particularly affecting small stores.

gag errors in reading angles from the film

If the irrcgulafity in the curve is small, it is usually casy to fit
by eye the best smooth cnvelope, Analysis then procceds as described
in para.4.3, ordinates always being drawn between the envelopes in
cases wherc the envelope cuts, or does not touch ’thc Curve.

If the irregularity of the pcak points makes the fitting of a
smooth curve difficult as in Fig.6, a slightly different method is
used. The cnvelopes BH and AJ arc drawn to touch cach pcak. Centre
points of ordinates drawm between the two cnvelopes at regular
intervals arc plotted and a smoothed centre line, aj, fitted by cyec,
through thesc points. Ordinatcs arc now drawn from cach pcak to the
smooth centrc linc, Aa, Bb seeseess Jj.  Any such ordinate which
exceeds 35° or is less than 50 is ncglected as before.

The time period is given by

T = MN frames
L x (film speed)

SCCSe

The ratios Aa/Bb, Bb/Cc, ... Hh/Jj and As/Jj arc substituted for
6 e
6.1. in the formila X = = log g= , T again being the appropriate time
2 3 : 22 2 ,
interval between 6, and €,
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The analysis is tabulated in detail on Fig.6, nine values of the
damping factor K Dbeing obtained in this particular case, The
stability factors, their mean values and probable errors are calculated
as before.

45 ‘ Other Types of Motion

There are two other main types of motion met with in stability
work which ere of interest. They are the motions attributed to (i)
unsteble bombs (ii) whirling bombs.

Le51 The motion of an unstable bomb usually takes the form of an
increasing oscillation developing, if height is sufficient,into a
cartwheel or irregular tumbling, If the initial disturbance is very
severe it may in fact cartwheel immediately after release. Such motion
is, of course, not analysable and curves are in fact, seldom drawn, the
motion being obvious from visual observation of the drops or directly
from the film.

4.52 The theory of whirling and its occurrence in practice has
been dealt with in References 5 and 4 respeotively. The oscillation
curve -of a whirling bomb (Fig.7) is usually drawn to ensure that
the motion is not merely a case of very poor damping, and also because
+#the following information is of general interest.

(a)  the'time period, usually found to be significantly smaller than
that for identical bombs which executed damped S.H.M.

(b)  the order of the initial amplitude at release.
(¢) the amplitude of the whirl.

It is hoped that in the future a greater degree of control over
the initial disturbance given to carrier released stores will be
possible by means of the apparatus described in para.3.35. If this
is achieved, it should be possible to carry out a series of drops,
without causing any of the stores to whirl or altermatively to find
the greatest angle of disturbance allowable without causing whirling.

5 Criterion Values

About 170 different types of stores ranging from 2 1b, to 1000 1b.
have been tested at R.A.E. by the method described in this note and
about 26 of these have undergone trials to measure their ballistic
dispersion by a stick bombing technique® developed at the R.A.E. All
results from these two types of test have been collected and classified
in a Tech. Notel, which also quotes some results obtained in ballistic
trials at Orfordness Research Station by a single dropping technique’.

From these trial results criterion values for the stability

factors have becen derived. They are as follows:-

should be less than 2.5

should be greater than 6.0

< 3k

for a store to have a ballistic dispersion of less than about 7 mils
(probeble error in trail distance) = one mil being an error of one foot
per thousand feet of release height.

...15...
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The derivation and aspplication of these criteria is described in
Reference 4, to which reference should be made before using them,

6 Limitations of the Technique

6.1 Although stability is an cssential property for a bomb to possess

in order that it may be aimable, it is not sufficient, ballistic dis-
persion dependiung on other factors such as mamufacturing variations,
asymmetry, high speed effects, Thus stability neasurements at low
altitudes as described in this note may be used to compare the effects

of small veriations in design, or to choose the best of seversal designs,

but they must inveriably be followed by trials from operational heights,
Such trials serve to (a) check the stability of the bomb from high altitudes
(i.e. at high Mach numbers), (b) measurc the ballistic dispersion,

6,2 It has been found, by experience with bundled type clusters, that
misleading and contradictory results may be obtained if the bombs are not
symmetrical or not rigid.

6.3 Certain types of bombs e.g. those having plain cylindrical tails
which have a small angle of stall, require careful handling in stability
trials since the disturbance normally given (about +30° - 40°) would
immediately cause such a bomb to whirl.

S T
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List of Symbols

moment of inertia of a bomb about an axis through the centre of

.gravity and perpendicular to the longitudinal axis

drag coefficient

1ift coefficient

total drag force on bomb

maximum diameter of bomb

damping factor of a damped simple harmonic motion

total 1ift force on bomb

overall length of bomb

aerodynamic couple about an axis perpendicular to the
longitudinal exis and passing through the centre of gravity,
caused by unit angular velocity of rotation of the bomb about
the axis about which the couple is measured.

aerogynamic couple about an axis perpendicular to the longi-
tudinal axis and passing through the centre of gravityscaused
by unit lateral velocity along an axis perpendicular to the
longitudinal axis and to the axis about which the couple is
measured.

mass of bomb

number of *bombs

probable error of an individual observation

' angular velocity in pitch

maximum cross sectional area of bomb
time period of escillation
time measured from some zero

forward velocity of the bomb along its longitudinal axis; the
true airspeed of the aircraft ; g e s

an individual value of a stability factor

mean value 6£ X

lateral aerodynamic force due to unit lateral velocity, divided
by the mass of the bomb, this force being considered along the
direction of the lateral velocity. i 1

phase displacement of an oscillation at zero time

angle between the longitudinal axis of the bomb and the
relative wind .

angular displacement of bomb- from some arbitrary zero

S
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FIGS 2.asb.

FIG. 20.. OSCILLATING DEVI%
FITTED TO CLUSTER.

FIG.2b CLOSE UP OF ASSEMBLY.

CLIP AND WIRE METHOD OF OSCILLATING BOMBS.
[RAE NEG. NO. 70582 /46 |




FIG. 3

FIG. 3a,SAMPLE FRAMES FROM VINTEN FIG.3b.UNSTABLE

FILM SHOWING BOMB EXECUTING BOMB CARTWHEELING
DAMPED S.H.M. RELEASE FROM
CLIP & WIRE METHOD OF TYPHOON AT
OSCILLATING. 350 M.PH.

RELEASE AT IOOO FT. AT IBOM.PH

RAE NEG. NO.T70. /.
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TYPICAL BOMB OSCILLATION CURVE & ANALYSIS.
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